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(57) ABSTRACT

The present invention relates to a ceramic material consisting
of p-sialon (Sig_,AlLLO.N), polytype 12H, an intergranular
amorphous or partly crystalline phase, and containing yttrium
with a z-value of from about 0.7 to less than about 1.5. The
ceramic material is useful as cutting tool insert for machining
of heat resistant super alloys, with good notch wear, accept-
able flank wear and sufficient toughness.
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CERAMIC MATERIAL AND CUTTING
TOOLS MADE THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to a ceramic silicon nitride
based material suitable for machining of nickel- and cobalt-
based materials, sometimes designated as heat resistant super
alloys (HRSA) with good notch wear, acceptable flank wear
and sufficient toughness.

Ceramic materials for cutting tool applications are, thanks
to their high hot hardness, suitable for machining work-piece
materials of high hardness, high tensile strength at elevated
temperatures and low heat-diftusivity, and particularly so for
self-hardening materials such as, e.g., some types of nickel-
and cobalt-based materials, sometimes designated as heat
resistant super alloys (HRSA).

Many silicon nitride based materials for cutting tools are
manufactured using aluminum oxide (Al,0O;) as a sintering
aid. Aluminum and oxygen have the ability to replace silicon
and nitrogen respectively in the crystal structure of silicon
nitride, thereby creating a so-called sialon ceramic, Si—Al—
O—N, sometimes additionally stabilized by a cation Me"™,
where Me can be chosen from a large number of (rare-earth)
metals and lanthanides of suitable ionic radius (r<1.0 A), such
asY, Yb, Dy, Lu, Li, Ca, Mg, Sc etc.

Many sialon phases have been detected and characterized,
see e.g., [zhevskiy et al., “Progress in SIAION ceramics™, .
Eur. Ceram. Soc. 20, 2275-2295 (2000), but the predominant
phases used in cutting tool materials remain a-sialon phase,
R.Si15_ sy Al OuN(1 6y (1.0 less than about m less than
about 2.7; n less than about 1.2), where R is one of the
aforementioned metals or lanthanides with ionic radius less
than about 1.0 A, and B-sialon: Si,_ Al ON, _ were z is
greater than zero and less than about 4.2.

During sintering, the raw materials used, usually a mixture
of silicon nitride, alumina and AIN or some sialon
“polyphase” (or “polytype”), such as 12H, 21R etc., together
with an oxide of the metal or lanthanide, form a transitionary
melt from which the a- and p-sialon phases, and possibly
other phases such as (if'Y is used as the metal ion R mentioned
above) YAG, melilite, B-phase, 12H etc. crystallize. After
sintering, an intergranular phase between the crystalline
grains remains. The amount of intergranular phase produced
is influenced by the composition of raw materials used, as
well as the sintering conditions.

Besides stabilizing the a-sialon phase, the metal ion also
functions as a catalyst for the formation of sialon crystals
during sintering, and aids the formation of elongated sialon
grains, usually in the beta phase, but elongated grains of
a-sialon have also been produced. Fang-Fang et al, “Nucle-
ation and Growth of the Elongated o'-SiAION™, J. Eur.
Ceram. Soc. 17(13) 1631-1638 (1997). It is also clear, that the
choice of metal ion used affects the properties of the amor-
phous phase. Fang-Fang X, Shu-Lin W, Nordberg L-O and
Ekstrom T, “Nucleation and Growth of the Elongated o-SiA-
ION”, J. Eur. Ceram. Soc. 17(13) 1631-1638 (1997); Sun et
al., “Microstructural Design of Silicon Nitride with Improved
Fracture Toughness II: Effects of Yttria and Alumina Addi-
tives”, J. Am. Ceram. Soc. 81(11) 2831-2840 (1998); Hong et
al., “The effect of additives on sintering behavior and strength
retention in silicon nitride with RE-disilicate”, J. Eur. Ceram.
Soc. 22, 527-534 (2002); Becher et al., “Compositional
Effects on the Properties of Si—Al—RE-Based Oxynitride
Glasses (RE=La, Nd, Gd, Y or Lu)”, J. Am. Ceram. Soc.
85(4), 897-902 (2002).
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The z-value in the -sialon phase, Sig_ ALLO_ N, __, affects
the hardness, toughness, and grain size distribution in the
sintered material. Ekstrom et al., “SiAlON Ceramics”, J. Am.
Ceram. Soc. 75(2), 259-276 (1992). The z-value relates to the
amount of Al and O dissolved in the Si;N,-lattice. A theoreti-
cal z-value can be calculated from the composition of the
starting materials. The actual z-value of the beta sialon phase
after sintering can be measured by X-ray diffraction analysis.
The measured z-values are always somewhat lower than those
calculated since the intergranular phase contains more oxy-
gen and alumina than the beta sialon phase.

GB-A-2157282 discloses a range of sialon materials suit-
able for use in metal cutting tools, with and without a-sialon,
refractory additions such as TiN and SiC, with or without
crystalline AIN etc., but always containing a “polytype” sia-
lon phase.

U.S. Pat. No. 5,370,716 discloses a ceramic material for
use as a cutting tool in the high speed machining of high
temperature alloys and cast irons with a composition of 3-sia-
lon (Siy_,AlL O, N, , where 1<z<3) and intergranular phase.

U.S. Pat. No. 5,965,471 discloses a sintered ceramic mate-
rial for high speed machining of heat resistant alloys com-
prising sialon grains and 0.2-20 v/o intergranular phase. At
least 80 v/o of said sialon phase is f-sialon having a z-value
1-1.5. The ceramic material has a Vickers Hardness HV1 of
more than 1530 and it is produced by gas pressure sintering.

OBIJECTS AND SUMMARY OF THE
INVENTION

It is an object of the present invention to provide silicon
nitride based ceramic materials for metal cutting tool pur-
poses with optimal compositions for machining metals, pref-
erably heat resistant super alloys, with good notch wear,
acceptable flank wear and sufficient toughness.

In one embodiment of the invention, there is provided a
ceramic material of §-sialon (Si;_, Al O,N), polytype 12H, an
intergranular amorphous or partly crystalline phase, and con-
taining yttrium wherein the amount of intergranular phase,
measured as the area attributable to this phase in a SEM
picture relative to the total area of the picture, is between
about 5 and about 15%, the z-value is from about 0.7 to less
than about 1.5; the amount of polytype 12H, measured as the
ratio of the height in a Cu—Ka x-ray diffractogram of the
12H peak at a 20 value of 34° and the height in the same
diffractogram of the f§-sialon peak at a 20 value of 33° is
between about 2 and about 20%, and the yttrium content is
from about 3.5 to about 5 wt-%.

In another embodiment of the invention, there is provided

a cutting tool for chipforming metal machinery made of the
above-identified ceramic material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an X-ray diffraction pattern from a sialon
material according to the invention in which { refers to [3-sia-
lon, 12H to the polytype 12H (6AIN.SiO,), and Si marks
peaks from silicon added as an internal standard.

FIG. 2 is a SEM (Scanning Electron Microscope) micro-
graph in 4000x magnification in backscattered mode of a
sialon material according to the present invention in which
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the grey grains are [3-sialon or, in a few cases, 12H polytype,
and the lighter areas are intergranular phase.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention provides a ceramic material based on
p-sialon (Sig_,ALON), polytype 12H, an intergranular
amorphous or partly crystalline phase, and containing from
about 3.5 to about 5 wt-%, preferably from about 3.9 to about

4

The invention is additionally illustrated in connection with
the following examples, which are to be considered as illus-
trative of the present invention. It should be understood, how-
ever, that the invention is not limited to the specific details of
the examples.

EXAMPLES

Powder raw materials B, C, F and H according to the
compositions in Table 1a, except materials E and G, which are

4.5 wt-%, yttrium. The B-sialon phase has a z-value of from 10 commercially available sialon cutting tools, were milled in
about 0.7 to less than about 1.5. The amount of intergranular water, using sialon milling media. Composition C and H have
phase is between about 5 and about 15%. The amount of the same raw materials compositions, but differ in the degree
polytype 12H, measured as the ratio of the peak height in an of mllhng. Composition H was subjected to a more intensive
x-ray diffractogram of the CuKct peak at a 20 value of 34° (a) mllhng, Whlch increases the. oxygen content qf the slurry.
and the peak height in the same diffractogram of the peak !5 Organic binders were mixed into the slurry, which was then
from [3-sialon at a 20 value of 33° (b) is between about 2 and granulated through spray drying. L
about 20%, taking the background into consideration. In The powders were cold-pressed uniaxially to for(r)n green
addition, the material may contain up to about 3 percent by bodies, which were then burnt off separately at 650° C. The
weight of YAG, B-phase and/or melilite. burnt off green bodies were then sintered under nitrogen
The material is particularly useful for cutting tool inserts 20 Pressureatamaximum sintering temperature 0f1810° C.The
for machining of heat resistant super alloys (HRSA). Such sintered  bodies were ground to inserts of ISO
cutting tool inserts can be provided with coatings of TiN, RPGX120700T01020 type. . .
Ti(C,N), AL,O, or (Ti,Al)N or any combination thereof. The materials were analyzed metallographically with
Sialon material according to the invention is made by pow- regard to porosity. X-ray diffraction was used to determine
der metallurgical methods such as milling, pressing and sin- 55 the z-value and the amount of 12H polytype was determined
tering. Suitable proportions of powders of silicon nitride, as the ratio of the height of the 12H CuKa X-ray diffraction
alumina, yttria and aluminum nitride or polyphase 21 R are peak ata 20 angle of 34 degrees to the height of the f-sialon
milled and pressed to insert blanks. The insert blanks are peak at 33 degrees, see FIG. 1. . .
placed on sintering trays without embedding in a powder bed FIG. 2 is a SEM (Scanning Electron Microscope) micro-
and burnt off separately, and then sintered in a gas pressure graph in 4000x magnification in backscattered mode of the
sintering furnace. The final part of the sintering shall take 3¢ Sialonmaterial C. The grey areas are f-sialon and 12H poly-
place at from about 1700 to about 1900° C. under nitrogen ~ yPe and the white areas are intergranular phase. The amount
pressure. of intergranular phase, measured as the area attributable to
After sintering, the blanks are ground to inserts for metal this phase, relative to the total area of the picture, is 10%.
cutting of desired shape and dimension. The inserts are
optionally provided with coatings of TiN, Ti(C,N), Al,O, or 35 TABLE la
(Ti,ADN or any combination thereof as known in the art. - X -
In one exemplary embodiment of the present invention, the —Composition, wi-% raw material
z-value is from about 0.7 to about 1.3, preferably from abogt Material ~ Si;N,  ALO; JIR-F Y,0, TIN
0.7 to less than about 1, and the amount of 12H polytype is
between about 5 and about 20%, preferably from about 6 to 4 B 58.35 7.90 14.54 4.24 163
about 15%. C 68.62 9.28 17.11 4.99 0
In another exemplary embodiment of the present invention, ]; 612/?6 E/A 113/?9 (7:’9?’) 8
the z-value is from about 1.2 to less than about 1.5, preferably G N/A N/A N/A N/A 0
from about 1.25 to less than about 1.45, and the amount of H 68.62 9.28 17.11 4.99 0
12H polytype is between about 2 and about 15%, preferably
from about 2 to about 12%.
TABLE 1b
Composition and propetties, sintered material.
wt-% wt-%
Measured z-  Beta- % alpha- Intergranular phase,
Material value sialon® 12HY sialon® Y wt-% Porosity? %>
B 0.94 N/AY 20 — 3.64  A02/B0O 9
C 0.9 NAY 15 — 3.93  A02/B0O 14
E 0.59 70 0 30 7(Yb) A0O/BOO 11
F 14 100 0 — 3.93  A04/B00 10
G 1.7 100 0 — 3.5 A02/B0O 13
H 13 N/A® 5 — 3.93  A02/B0O 14

DMeasured as the ratio of the height in an x-ray diffractogram of the 12H peak at a 20 value of

34° and the height in the same diffractogram of the p-sialon peak at a 20 value of 33°
2 According to ISO 4505 Standard on Metallographic Determination of Porosity
3Measured as the area attributable to this phase in a SEM picture relative to the total area of the

Eicture.

DSince the percentage of 12H cannot be measured quantitatively, it is not possible to determine

the proportion of beta-sialon.
Expressed as the proportion of the crystalline material in the sample, detectable by X-ray dif-

fraction.
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Example 1

Inserts according to compositions B, C and F in Table 1
were tested in a longitudinal turning operation in Inconel 718
using a speed of 225 m/min, feed 0.1 mm/rev and a cutting
depth of 2.5 mm. Coolant was used. The inserts were run in
test cycles, where one test cycle corresponds to 30 s of
machining time. Two test runs, each with a fresh set of inserts,
were made, and the number of cycles survived by each insert
until a notch wear of 1 mm or flank wear depth (VB) of 0.5
mm were recorded. The resulting life spans, in minutes, as
averages over the two test runs, are shown in Table 2. Variant
C showed a clear advantage in terms of resistance to flank
wear and notch wear. Variant B, essentially the same as vari-
ant C in terms of composition, but with TiN added, showed
pronounced notch wear which was also the life length limit-
ing factor for variant B.

TABLE 2
Average life length
Material (min)
B 1.5
C 35
F 2.75

Example 2

Inserts according to compositions B, C, F and G in Table 1
were tested in a double facing operation against a shoulder in
Inconel 718 using a speed of 280 m/min, feed 0.2 mm/rev and
a cutting depth of 2.5+2.5 mm. Coolant was used. The inserts
were run in test cycles, where one test cycle corresponds to
the described facing operation, in three test runs, each with a
fresh set of inserts. The number of cycles survived by each
insert until edge breakage or a flank wear depth (VB) of 1.0
mm or more was recorded. The results, as averages over all
three test runs, are shown in Table 3. Material C again, and
material with composition H, perform best of the tested mate-
rials.

TABLE 3

Average life length,

Material no. of cycles
B 6.3
C 13.7
F 7
G 9.7
H 15.3

Example 3

Inserts according to compositions C, E, F and G in Table 1
were tested in a double facing operation against a shoulder in
Inconel 718 using a speed of 250 m/min, feed 0.2 mm/rev and
a cutting depth of 2.5+2.5 mm. Coolant was used. The inserts
were run in test cycles, where one test cycle corresponds to
the described facing operation, in three test runs, each with a
fresh set of inserts. The number of cycles survived by each
insert until edge breakage or a flank wear depth (VB) of 1.0
mm or more was recorded. The results, as averages over all
three test runs, are shown in Table 4.

Material C, a p-sialon with a z-value of 0.9, has a perfor-
mance very close to material E, which is a commercially
available o/p-sialon with a z-value around 0.6, which would
normally be expected to have significantly higher toughness
than material C.
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TABLE 4

Average life length

Material (no. of cycles)
C 9.7
E 10
F 6
G 8.7

Example 4

Inserts according to compositions C and E in Table 1 were
tested in a longitudinal turning operation in Inconel 718 using
a speed 0of 225 m/min, feed 0.124 mm/rev and a cutting depth
of 1.5 mm. Coolant was used. The inserts were run in test
cycles, where one test cycle corresponds to 30 s of machining
time. Three test runs, each with a fresh set of inserts, were
made, and the number of cycles survived by each insert until
anotch wear length or flank wear depth (VB) of 0.5 mm. The
results, as averages over the test runs, are shown in Table 5.
Variant C shows longer life length than variant E.

TABLE 5
Average life length
Material (min)
C 3.75
E 3.2

Although the present invention has been described in con-
nection with preferred embodiments thereof, it will be appre-
ciated by those skilled in the art that additions, deletions,
modifications, and substitutions not specifically described
may be made without department from the spirit and scope of
the invention as defined in the appended claims.

The invention claimed is:
1. A ceramic material of -sialon (Sis_,ALO_N), polytype
12H, an intergranular amorphous or partly crystalline phase,
and containing yttrium wherein:
the amount of intergranular phase, measured as the area
attributable to this phase in a SEM picture relative to the
total area of the picture, is between about 5 and about
15%,

the z-value is from about 0.7 to less than about 1.5

the amount of polytype 12H, measured as the ratio of the
height in a Cu—Ka x-ray diffractogram of the 12H peak
at a 20 value of 34° and the height in the same diffrac-
togram of the f-sialon peak at a 20 value of 33° is
between about 2 and about 20%, and,

the yttrium content is from about 3.5 to about 5 wt-%.

2. A ceramic material of claim 1 wherein the z-value is
from about 0.7 to about 1.3 and the amount of 12H polytype
is between about 5 and about 20%.

3. A ceramic material of claim 1 wherein the z-value is
from about 1.2 to less than about 1.5 and the amount of 12H
polytype is between about 2 and about 15%.

4. A ceramic material of claim 1 wherein the yttrium con-
tent is from about 3.9 to about 4.5 wt-%.

5. A cutting tool insert for chipforming metal machining
made of a material of claim 1.

6. Cutting tool insert of claim 5 provided with coatings of
TiN, Ti(C,N), Al,O; or (Ti,AD)N or any combination thereof.
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